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Reactive oxygen metabolites In endotoxin-induced acute renal failure in
rats. Based on recent reports that reactive oxygen metabolites may play
a role in endotoxin-induced injury in other tissues, we postulated that
reactive oxygen metabolites may be important mediators of endotoxin-
induced acute renal failure. Superoxide dismutase, a scavenger of
superoxide, or catalase, which destroys hydrogen peroxide, did not
protect against endotoxin-induced renal failure. Similarly, neither the
hydroxyl radical scavenger dimethylthiourea nor the iron chelator
deferoxamine (which presumably would act by preventing the genera-
tion of hydroxyl radical via the iron-catalyzed Haber-Weiss reaction)
prevented the endotoxin-induced fall in renal function. In separate
experiments, we found no increase in renal cortical lipid peroxidation (a
marker of reactive oxygen metabolite-mediated tissue injury) in endo-
toxin-treated rats, providing further evidence against a role for reactive
oxygen metabolites in endotoxin-induced renal injury. Finally, using
the aminotriazole-induced inhibition of catalase (a measure of in vivo
changes in the hydrogen peroxide generation) we found no evidence of
enhanced hydrogen peroxide generation in the renal cortex in endotox-
in-treated rats. Taken together, the data from these three separate
experimental approaches suggest that reactive oxygen metabolites are
not important mediators of endotoxin-induced acute renal failure.
Reactive oxygen metabolites (ROM), including free radicals
(for example, superoxide anion and hydroxyl radical) and other
toxic oxygen metabolites (such as, hydrogen peroxide and
hypochlorous acid) have been postulated to be important me-
diators of several models of immune-mediated toxic and isch-
emic tissue injury [1—8]. Specifically, several recent studies
suggest that reactive oxygen metabolites may have an impor-
tant role in the pathophysiology of renal disease [9—17]. In
particular, enhanced in vivo generation of hydrogen peroxide
has been demonstrated in two models of acute renal failure
[16,18], and scavengers of ROM andiron chelators (presumably
by preventing the generation of hydroxyl radical by the iron-
catalyzed Haber-Weiss reaction) have been shown to be pro-
tective in ischemic [5], aminoglycoside-induced [17] and in
glycerol-induced acute renal failure [12,15].
There have been extensive studies of the biological effects of
endotoxin and the underlying pathogenetic mechanism(s) lead-
ing to endotoxin related end-organ failure [reviewed in 19].
Although there is conflicting data, recent reports have sug-
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gested that reactive oxygen metabolites may be important in
endotoxin-induced tissue injury. In in vitro studies, Brigham et
al showed that antioxidants protect cultured bovine lung endo-
thelial cells from endotoxin-induced injury [20]. Also, lipopoly-
saccharide either directly or indirectly primes macrophages for
enhanced release of reactive oxygen metabolites [reviewed in
21]. In in vivo studies, endotoxin was shown to enhance lipid
peroxidation, a marker of ROM-induced injury, in sheep lung
[22,231. Also scavengers of reactive oxygen metabolites were
protective against endotoxin-induced acute lung injury [23,24]
and were shown to significantly increase survival in septic rats
and mice [25—27].
Acute renal failure is a frequent and serious complication of
endotoxemia [28, 29]. Based on the above, we postulated that
reactive oxygen metabolites may be important mediators of
endotoxin-induced acute renal failure. In the present study, we
first examined the effect of scavengers of superoxide anion,
hydrogen peroxide and hydroxyl radical as well as the effect of
the iron chelator, deferoxamine, on renal function in endotox-
emic rats. Lipid peroxidation is one of the many biological
effects of ROM and has been used to determine if ROM have
affected a specific target tissue or organ [5—7, 12, 15, 17]. We
therefore also examined the effect of endotoxin on renal cortical
lipid peroxidation. Using the aminotriazole-induced inhibition
of catalase, we have recently demonstrated in vivo generation
of hydrogen peroxide by kidney cortex during normal metabo-
lism [18] and enhanced generation in both gentamicin- and
glycerol-induced acute renal failure in rats [16, 18]. In the
present study, we also examined the in vivo generation of
hydrogen peroxide by renal cortex in endotoxin-treated rats.
Methods
Adult male Sprague-Dawley rats weighing (240 to 300 g) were
used in these experiments. They were cared for using the
principles set forth in the Guide for the Care and Use of
Laboratory Animals (DHEW Publication No. NIH 80—23).
Prior to the experiments, the rats were rested from travel for at
least five days with free access to water and standard rat chow
in a constant temperature room with 12 hour day and night
cycles. Urea nitrogen and creatinine were determined using the
Beckman BUN Analyzer 2 and the Beckman Creatinine Ana-
lyzer, respectively (Beckman Instruments, Fullerton, Califor-
nia, USA).
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Malondialdehyde assay
Renal cortical malondialdehyde content was measured using
the thiobarbituric acid assay as in our previous study [15].
Briefly, the kidneys were rapidly removed, the capsules
stripped and the cortex separated from the medulla. The
cortical tissue was then weighed, minced and homogenized
immediately in 0.02 M sodium phosphate buffer, pH 7.4 (1:10
wt/vol) using a Potter-Elvehjem smooth glass homogenizer with
a motor driven teflon pestle. Immediately, 1 ml of 17.5%
trichloroacetic acid (TCA) was added to 1 ml of the homogenate
(containing 1.0 to 1.8 mg of renal cortical protein) and the
specimen placed on ice. Following the addition of 1 ml of 0.6%
thiobarbituric acid, pH 2, the homogenate was placed in a
boiling water bath for 15 minutes and then allowed to cool. One
milliliter of 70% TCA was added and the mixture allowed to
incubate for 20 minutes. The sample was then centrifuged for 15
minutes at 2000 RPM and optical density of the supernatant
read at 534 nm against a reagent blank using a spectrophotom-
eter (DMS 100, Varian Associates, Palo Alto, California, USA).
The amount of malondialdehyde, expressed in nanomoles, was
calculated using a molar extinction coefficient of 1.56 X 10 M
cm'. Renal cortical protein content was determined by the
method of Lowry [30] and the renal cortical malondialdehyde
content was expressed as nanomoles of malondialdehyde per
milligram of protein.
Catalase assay
Preparation of tissue homogenates. Kidneys were quickly
removed, decapsulated, and the renal cortex was carefully
separated from the medulla. The cortex was rinsed with cold
0.15 M NaCI, blotted dry, weighed and homogenized in cold 50
mM potassium phosphate, 0.1% Triton X-l00, 0.1 mM EDTA,
ph 7.0, (1:10 wtlvol) using a Potter-Elvehjem smooth glass
homogenizer with a motor-driven teflon pestle [18]. The ho-
mogenates were centrifugated at 700 g for 10 minutes and the
supernatants retained for the measurement of the catalase
activity. A piece of liver obtained from the same rats was
thoroughly rinsed and homogenized in the same way. To obtain
tissue for determination of aminotriazole concentration, 2.5 ml
of 1 M trichloroacetic acid was added to 5 ml of uncentrifugated
homogenates.
Assay. To an aliquot of supernatant, ethanol was added to a
final concentration of 0.17 M (10 p.1/mI) [31]; ethanol serves to
decompose (and reactivate) any compound II that may have
been present [31]. However, no more Triton was added since it
was already present in the homogenization buffer. The catalase
activity in homogenates was assayed at 250 C by the method of
Aebi [32] based on the disappearance of 10 m hydrogen
peroxide at 240 nm (extinction coefficient of 43.6 M/cm). Tissue
protein was determined by the method of Lowry et a! [30] and
the results were expressed in k/mg protein, where k is first order
reaction rate constant.
Histopathology
Sections of kidney were fixed in 10% Formalin, dehydrated
and embedded in paraffin. Sections were cut at 4 p.m and
stained with periodic acid-Schiff reagent. The slides were coded
and examined without knowledge of the treatment protocol.
Materials
Drugs, reagents and other materials were purchased from the
following sources: 1 ,3-dimethyl-2-thiourea, Aldrich Chemical
Co. (Milwaukee, Wisconsin, USA); deferoxamine B mesylate
(Desferal), Ciba-Geigy Corp. (Summit, New Jersey, USA);
superoxide dismutase, Diagnostic Data (Mountain view, Cali-
fornia, USA); Alzet osmotic pumps (type 2ML 1), ALZA
Corp., (Palo Alto, California, USA); endotoxin as lipolysaccha-
ride from Escherichia coli serotype OSS:BS, 3-amino-l ,2,4-
triazole, 4,5-dihydroxy-2,7-naphthalene disulfonic acid (chro-
motropic acid), polyethylene glycol-superoxide dismutase,
polyethylene glycol-catalase, other reagents and buffers, Sigma
Chemical Company (St. Louis, Missouri, USA).
Statistical analysis
Data are presented as means SE. For analysis of the renal
function measurements, the groups were compared initially
using analysis of variance and post hoc with the Scheffe F-test.
The mortality data was analyzed using Chi square. P values <
0.05 were considered significant.
Experimental design
Effect of scavengers of reactive oxygen metabolites and iron
chelator on endotoxin-induced acute renal failure. Adult male
Sprague-Dawley rats were divided into three groups: I) control;
2) endotoxin alone; 3) endotoxin plus an interventional agent.
Escherichia coli endotoxin (serotype 055:B5)from the same lot
was used for all experiments. The dosage of endotoxin chosen
was based on previously published work and our preliminary
experiments in which we established the dose of endotoxin
required to produce a consistent rise in plasma urea nitrogen
and creatinine [33, 34]. In addition , previous studies by us and
others have shown that given alone, the concentrations of the
various interventional agents used have no effect on renal
function [5, 35—38]. The rats were anesthetized with ether and
injected i.v. with 8 to 10 mg/kg of endotoxin in about 0.5 ml
physiological saline, and control rats were injected i.v. with
physiological saline in the same volume. Eighteen hours after
the endotoxin injection, the rats were killed (by use of pento-
barbital sodium, 50 mg/kg i.p., followed by exsanguination) and
plasma was obtained for measurement of urea nitrogen and
creatinine. A section from each kidney was taken for routine
histopathology.
We first examined the effect of scavengers of reactive oxygen
metabolites and an iron chelator on endotoxin-induced acute
renal failure. Superoxide dismutase, a scavenger of superoxide
anion, was administered (10 mg/rat) i.p. two hours before and
(10 mg/rat) i.v. immediately prior to the endotoxin injection.
Because the role of leukocytes in endotoxin-induced acute renal
failure has not been critically examined previously and leuko-
cytes may potentially serve as a source of reactive oxygen
metabolites, we carried out additional studies utilizing PEG-
superoxide dismutase and PEG-catalase. Attachment of poly-
ethylene glycol to these enzymes prolongs their circulating half
life [39, 40] and has been found to be protective in disease
models in which neutrophil-generated, extracellular reactive
oxygen metabolites play a critical role in tissue injury [7, 41).
PEG-superoxide dismutase (6000 U/rat) or PEG-catalase
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Fig. 1. Light microscopic section of kidney from a rat receiving endotoxin showing: A. dilated peritubular capillaries containing polymorpho-
nuclear leukocytes; B. an increased number of polymorphonuclear leukocytes within glomerular capillary loops.
(15,000 U/rat) were administered intravenously immediately
prior to the endotoxin injection.
We next examined the effect of the hydroxyl radical scaven-
ger, dimethylthiourea (DMTU), and deferoxamine B mesylate
(DFO, an iron chelator) on endotoxin-induced acute renal
failure. Dimethyithiourea was injected intraperitoneally (500
mg/kg) six hours prior to the endotoxin injection, followed by
125 mg/kg i.p. just before the endotoxin injection [17]. An
osmotic pump (2 ml capacity delivering approximately 8.5
p.llhr) containing deferoxamine (150 mg/mI) was implanted
subcutaneously six hours prior to the endotoxin injection. This
produced a continuous infusion of drug at approximately 30
mg/rat/day, and previous studies have shown that constant
plasma levels of the drug are maintained when DFO is admin-
istered by this route [42]. Immediately prior to the endotoxin
injection, an intravenous bolus of deferoxamine (30 mg/rat) was
administered.
Renal cortical malondialdehyde content in endotoxin-treated
rats. In a separate experiment, the effect of endotoxin on renal
cortical malondialdehyde content was determined using doses
and protocols described above. Eighteen hours after the endo-
toxin injection, the rats were killed (sequentially, 1 from each
group), plasma obtained for urea nitrogen and creatinine and
renal cortex was obtained for malondialdehyde content.
In vivo generation of hydrogen peroxide by renal cortex in
endotoxin-treated rats. The inhibition of tissue catalase by
aminotriazole has been interpreted to indicate the presence of
(catalase-hydrogen peroxide) compound I in vivo. It has been
shown that increased generation of hydrogen peroxide genera-
tion leads to a greater inhibition of the catalase activity by
aminotriazole; this has been used as a method to demonstrate
enhanced in vivo generation of hydrogen peroxide in patholog-
ical states [16, 43, 44].
We examined whether enhanced in vivo generation of hydro-
gen peroxide could be demonstrated in the renal cortex of
endotoxin-treated rats. The experiment was designed: (i) to
compare the effect of aminotriazole on renal cortical catalase
activity in saline and endotoxin-treated rats (greater inhibition
in endotoxin-treated group suggesting greater net generation of
hydrogen peroxide) (ii) to verify that the inhibition by amino-
triazole was due to inhibition of compound I. Ethanol decom-
poses (catalase-hydrogen peroxide) compound I in a peroxida-
tive reaction. By reducing compound I, ethanol effectively
competes with aminotriazole reaction and prevents the catalase
inhibition. In in vivo studies, prevention of aminotriazole-
induced catalase inhibition by ethanol is thus used to verify that
aminotriazole inhibition is due to its action on compound I
(which requires hydrogen peroxide) [16, 18, 43—46]. Finally, the
experiment was designed (iii) to determine whether, in endo-
toxin-treated rats, the inhibition of compound I was greater
compared to control rats. The difference of catalase activity
measured with or without ethanol represents the amount of
compound I irreversibly complexed by aminotriazole and is
directly related to hydrogen peroxide formation in vivo.
Rats received injections of either 0.6 ml of sterile, isotonic
saline or endotoxin. Saline-injected and endotoxin-treated rats
were then subdivided in two groups, one group receiving
intraperitoneal injection of ethanol 2 g/kg in saline and the other
injected with the same volume of saline. All rats were then
injected intraperitoneally with aminotriazole (0.1 g/kg), and at
60 minutes, tissue was obtained for measurement of catalase
activity and a sample of heparinized blood was obtained for
measurement of creatinine and urea nitrogen.
Results
Administration of a single intravenous dose of endotoxin
caused acute renal failure with a mean BUN of 73 3 mg/dl (N
= 31 compared to control 19 1 mg/dl, N = 24, P < 0.001) and
a mean creatinine of 0.78 0.04 mgldl (N = 31 compared to
control 0.3 0.03 mgldl, N = 24, P < 0.001) measured eighteen
hours after the endotoxin injection (data pooled from several
experiments). Histological examination revealed only minor
changes consisting of a very mild peritubular capillary dilatation
with rare polymorphonuclear leukocytes seen in the capillary
lumens (Fig. IA). There was no evidence of tubular necrosis,
dilatation or cast formation. The glomeruli were normal except
for an occasional polymorphonuclear leukocyte present in the
capillary lumens (Fig. 1B). These functional and histological
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Control Endotoxin
changes are in keeping with previous studies using a single
intravenous dose of endotoxin [33, 34].
Using doses and an administration schedule similar to those
which have been previously shown to be protective in renal
injury [10, 11, 13], we examined the effect of superoxide
dismutase (a scavenger of superoxide anion) on endotoxin-
induced acute renal failure. Endotoxin treated rats showed a
marked decrease in renal function (plasma urea nitrogen 82
3.4, plasma creatinine 0.70 0.05) compared to controls
(plasma urea nitrogen 20 0.8, plasma creatinine 0.24 0.02,
P < 0.001). Superoxide dismutase provided no protection of
renal function (plasma urea nitrogen 80 2.2, plasma creatinine
Fig. 3. The effect of polyethylene glycol-superoxide dismutase (PEG-
SOD) and polyethylene glycol-catalase (PEG-Cat, a scavenger of
hydrogen peroxide) on endotoxin-induced acute renal failure as mea-
sured by plasma urea nitrogen and plasma creatinine. The data are the
combined results of two experiments with a total of 8—9 animals in each
group.
0.59 0.04; Fig. 2). We carried out additional studies utilizing
PEG-superoxide dismutase and PEG-catalase which if protec-
tive, would suggest a role for neutrophil-related, extracellularly
generated reactive oxygen metabolites. Neither PEG-superox-
ide dismutase nor PEG-catalase provided protection against the
endotoxin-induced decrease in renal function (endotoxin +
PEG-superoxide dismutase — plasma urea nitrogen 83 3.6,
plasma creatinine 0.66 0.05; endotoxin + PEG-catalase —
plasma urea nitrogen 83 3.6, plasma creatinine 0.70 0.05;
Fig. 3).
Previous studies of other models of tissue injury have used
the protective effect of hydroxyl radical scavengers and iron
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Fig. 2. The effect of superoxide dismutase (SOD, a scavenger of
superoxide) on endotoxin-induced acute renal failure as measured by
plasma urea nitrogen and plasma creatinine. The data are combined
results of three experiments with a total of 9 to 14 animals in each
group.
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chelators to suggest a role for hydroxyl radical in the develop-
ment of the tissue injury [2, 4, 6—8, 15, 17]. We therefore next
examined the effect of the hydroxyl radical scavenger dimeth-
ylthiourea on endotoxin-induced acute renal failure. Dimeth-
ylthiourea did not prevent the endotoxin-induced fall in renal
function (endotoxin + DMTU — plasma urea nitrogen 55 3.4,
plasma creatinine 0.74 0.09; endotoxin alone — plasma urea
nitrogen 63 4.1, plasma creatinine 0.77 0.05; Fig. 4). In
most biological systems, iron is important in the generation of
hydroxyl radical via the iron-catalyzed Haber-Weiss reaction.
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Fig. 4. The effect of the hydroxyl radical scavenger dimethylihiourea
(DMTU) on endotoxin-induced acute renal failure as measured by
plasma urea nitrogen and plasma creatinine. The data are the com-
bined results of two experiments with a total of 9 to II animals in each
group.
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Fig. 5. The effect of the iron chelator deferoxamine (DFO) on endot-
oxin-induced acute renal failure as measured by plasma urea nitrogen
and plasma creatinine. The data are the combined results of three
experiments with a total of 9 to 13 animals in each group.
Table 1. Renal cortical malondialdehyde content
MDA
nmol/mg
BUN Creatinine
mg/dl
Control (4)
Endotoxin (8)
P value
0.242 0.02
0.277 0.02
NS
16 0.6
79 4.7
<0.001
0.45 0.05
0.86 0.09
<0.02
Rats were injected with either endotoxin or saline intravenously and
sacrificed 18 hours later. Renal cortex was taken for malondialdehyde
(MDA) assay and blood for urea nitrogen (BUN) and creatinine. NS =
not significant.
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Table 2. Effect of aminotriazole on renal cortical catalase activity and renal function in control and endotoxin-treated rats
N
Control
N
Endotoxin-treated
Ethanol (+) Ethanol (—) Inhibition % Ethanol (+) Ethanol (—) Inhibition %
Catalase
k/mg 5 1.49 0.13 0.63 0.05 57 4 10 1.44 0.08 0.59 0.06 58 4
protein
Plasma urea
nitrogen
mg/dl 5 20 2 16 I — 10 37 ia 32 2
Plasma
creatinine
mg/dl 5 0.4 0.02 0.4 0.03 — 10 1.1 O.O4 0.8 o.o6
Rats were injected either with endotoxin or saline intravenously. Two and one-half hours after the endotoxin injection, the control and
endotoxin-treated rats were subdivided into two groups, one group receiving intraperitoneal injection of ethanol 2 g/kg in saline (wt/vol: 1/1) and
the other injected with the same volume of saline. All rats were then injected one hour later (3 hours after endotoxin injection) with
3-amino-l ,2,4-triazole (0.1 g/kg) intraperitoneally and at 90 minutes tissue was obtained for measurement of catalase activity and a sample of
heparinized blood was obtained for measurement of creatinine and plasma urea nitrogen. Inhibition of compound I by animotriazole was calculated
Ethanol (+ ) — Ethanol (—)
as follows: x 100 where ethanol (+) is the renal cortical catalase activity in rats injected with ethanol and ethanol (—)Ethanol (+)
is the catalase activity in rats injected with saline.
a P < 0.05 or greater level of significance (unpaired 1-test) compared to the corresponding values in control rats
We next examined the effect of the iron chelator deferoxamine
on renal function in rats exposed to endotoxin. Deferoxamine
failed to protect the renal function in endotoxin treated rats
(endotoxin + DFO — plasma urea nitrogen 62 4.0, plasma
creatinine 0.75 0.05; endotoxin alone — plasma urea nitrogen
68 4.3, plasma creatinine 0.77 0.05; Fig. 5).
A comparison was made between the mortality induced by
endotoxin alone and endotoxin plus the individual interven-
tional agents. Neither the scavengers of reactive oxygen metab-
olites nor the iron chelator provided protection against the
endotoxin-induced mortality (data not shown).
In separate experiments, renal cortical lipid peroxidation (as
measured by tissue malondialdehyde content) was not in-
creased in rats exposed to endotoxin in spite of a marked
decrease in renal function (Table 1).
We examined whether enhanced in vivo generation of hydro-
gen peroxide could be demonstrated in endotoxin-treated rats.
In endotoxin-treated rats, injection of aminotriazole resulted in
similar inhibition of catalase activity as saline treated (residual
catalase activity, k/mg protein, saline treated: 0.63 0.05, N =
5; endotoxin treated: 0.59 0.06, N = 10), thus suggesting no
enhanced net generation of hydrogen peroxide by renal cortex
in endotoxin-treated rats (Table 2). The aminotriazole-induced
inhibition of catalase was prevented by ethanol, thus verifing
that aminotriazole inhibition is due to its action on compound I
(Table 2). The difference in catalase activity measured with or
without ethanol represents the amount of compound I irrevers-
ibly complexed by aminotriazole and directly related to the
hydrogen peroxide formation in vivo. As shown in Table 2,
aminotriazole caused a similar inhibition of compound I in the
endotoxin-treated rats compared to controls. Taken together,
these data provide evidence that the renal cortical generation of
hydrogen peroxide is similar in saline-treated and endotoxin-
treated rats.
Discussion
Administration of a single intravenous dose of endotoxin
caused acute renal failure with only minor histological changes.
Kikeri et at have shown that 24 hours after administration of
endotoxin in this dose range there is a marked elevation of the
blood urea nitrogen as well as a consistent fall in both glomer-
ular filtration rate and renal blood flow while maintaining stable
mean arterial pressure [34].
We first examined the effect of scavengers of reactive oxygen
metabolites and the iron chelator, deferoxamine, on this model
of endotoxin-induced acute renal failure. The finding of a
protective effect with scavengers of reactive oxygen metabo-
lites has been used to suggest toxic oxygen species involvement
in various forms of tissue injury [1, 2,4, 6—8, 10, 13], including
acute renal failure [5, 12, 15, 17]. Superoxide dismutase, which
has been shown to decrease mortality in endotoxemic rats [26,
27] and, in other studies, to increase the renal cortical super-
oxide dismutase concentration [47], did not protect against
endotoxin-induced renal failure. In addition, PEG-superoxide
dismutase and PEG-catalase also failed to provide protection
against the endotoxin-induced decrease in renal function. The
failure of catalase to protect against endotoxin-induced acute
renal failure differs from its protective effect in endotoxin-
induced lung injury [20, 23, 24]. Polyethylene glycol attachment
prolongs the circulating half-life of these enzymes, and PEG-
SOD and PEG-catalase have been found to be protective in
models in which reactive oxygen metabolites generated extra-
cellularly by neutrophils play a critical role in tissue injury [7,
41]. Neutrophils also generate other reactive oxygen metabo-
lites particularly hypochlorous acid derived from the neutrophil
myeloperoxidase (MPO)-hydrogen peroxide-halide system [re-
viewed in 14]. In this reaction, hydrogen peroxide reacts with
chloride ion in the presence of MPO to form hypochlorous acid.
In the absence of protection using PEG-catalase, which effec-
tively blocks the neutrophil myeloperoxidase-hydrogen perox-
ide-halide system, hypochiorous acid is unlikely to play a role in
endotoxin-induced acute renal failure. However, we did not
examine the effect of scavengers of hypochiorous acid.
Although dimethyithiourea (an hydroxyl radical scavenger)
and deferoxamine (an iron chelator) have been shown to be
protective in other forms of acute renal failure [15, 17], they did
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not affect renal function in endotoxin-induced acute renal
failure. These results are in agreement with the failure of
dimethylthiourea to decrease endotoxin-induced lung injury
[48]. Taken together this data indicate a lack of protective effect
of scavengers of reactive oxygen metabolites in endotoxin-
induced acute renal failure.
Lipid peroxidation has been used as a marker of reactive
oxygen metabolite-mediated injury and has been shown to be
enhanced in several models of acute renal failure where reactive
oxygen metabolites have been postulated to play an important
role [5, 12, 15, 17]. In addition, previous studies have demon-
strated increased lipid peroxidation in lungs from endotoxin
challenged sheep [22, 23]. Catalase prevented the endotoxin-
induced increase in pulmonary lipid peroxidation and provided
functional protection [23]. In contrast, we found no increase in
renal cortical lipid peroxidation in endotoxin-treated rats, pro-
viding further evidence against a role for reactive oxygen
metabolites in endotoxin-induced renal injury.
The profound inhibition of tissue catalase by aminotriazole
and its prevention by ethanol has been used in in vivo studies to
demonstrate the generation of hydrogen peroxide in both nor-
mal conditions [18, 46] and enhanced generation in pathological
states [43, 44] including gentamicin- and glycerol-induced acute
renal failure [16]. There was no significant difference between
the control and endotoxin-treated rats in the aminotriazole-
induced inhibition of renal cortical catalase activity, suggesting
that hydrogen peroxide generation is not enhanced in the renal
cortex in this model of acute renal failure.
In summary, using three experimental approaches, we were
unable to document a role for reactive oxygen metabolites in a
model of endotoxin-induced acute renal failure in rats. Scaven-
gers of reactive oxygen metabolites and deferoxamine provided
no protection against endotoxin-induced acute renal failure;
endotoxin treatment did not result in an increase in renal
cortical malondialdehyde (a measure of lipid peroxidation);
renal cortical intracellular generation of hydrogen peroxide was
not increased in endotoxemic rats. Taken together, these data
suggest that reactive oxygen metabolites are not important
mediators of endotoxin-induced acute renal failure.
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